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Laser recanalization was attempted in thrombosed coro•
nary arteries of 10 dogs. In all dogs a coronary thrombus 
was obtained by passing a low grade electrical current 
through a guide wire advanced into the artery. Reca•
nalization was then attempted using an argon laser with 
energy levels ranging from 3 to 30 J. In six dogs a 140 
ILm core optical fiber was positioned proximal to the 
thrombus and lasing was done during fiber advance•
ment. The thrombosed artery was recanalized in one 
dog, perforated in four and neither recanalized nor per•
forated in one. In the remaining four dogs a steerable 
guide wire was advanced across the thrombus and a 
The potential for in vivo laser recanalization of peripheral 
arteries has been investigated in both experimental models 
(1-4) and humans (5,6). However, the technique has never 
been attempted in thrombosed coronary arteries of live 
animals. 
This study in live dogs reports the results of attempted 
laser recanalization of coronary arteries in which segmental 
thrombosis was induced by the passage of a low grade 
electrical current (7). 
Methods 
Laser delivery. A continuous wave argon laser (model 
552, Laser lonics) with energy peaks at wavelengths of 448 
and 514 nm was used. The radiation was delivered through 
a 100 cill long, 140 or 200 /Lm core silica optical fiber 
polished smooth at both ends. One end was aligned with 
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catheter was passed over the guide wire and exchanged 
for a 200 ILm core optical fiber. After fiber withdrawal, 
mechanical recanalization without lasing Was performed 
in one of the four dogs. In the remaining three dogs, 
both the fiber and the catheter were again advanced 
distal to the thrombus and lasing was done during with•
drawal; this caused coronary perforation in all dogs. 
Laser recanalization of thrombosed coronary arteries in 
dogs using currently available techniques is feasible but 
results in a very high incidence of perforation. 
(J Am Coil CardioI1985;6:1052-6) 
the focused beam as it exited the laser while the free end 
was used for lasing. Because of power losses at the entry 
of the beam into the fiber and attenuation along the fiber, 
power was measured at the fiber tip in air with an external 
power meter (Coherent model 105). 
Animal preparation and thrombus formation. 
Twelve mongrel dogs, weighing between 25 and 30 kg, 
were anesthetized, intubated and allowed to breathe a halo•
thane-air mixture. No heparin or antiplatelet drugs were 
administered. Dogs were catheterized through a carotid ar•
tery cutdown using a 7F Sones catheter. The tip of the 
catheter was positioned under fluoroscopy into the proximal 
left anterior descending artery using a single plane image 
intensifier with a 6 inch (15.24 cm) field and a control 
angiogram was obtained Ilsing sodium-meglumine diatri•
zoates (Renografin-76). 
A 3F catheter was advanced through the Sones catheter 
into the left anterior descending artery for a distance of 2 
to 3 cm. A 0.016 inch (0.041 cm) stainless steel guide wire 
was then passed through the lumen of the smaller catheter 
and its tip was exposed for a distance of 5 mm within the 
artery. The proximal end of the guide wire was connected 
to the positive side of a circuit that was completed by a 
negative electrode attached to the skin. A direct current from 
a 4.5 V dry-cell battery was passed through the circuit and 
the intensity regulated by means of a 100,000 n potentiom-
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Figure 1. Dog 7, Technique of coronary thrombosis of the left 
anterior descending artery, Left panel, Control angiogram, Mid· 
die panel, Cinefiuorogram showing a 0,016 inch guide wire ex•
posed 5 mm from a 3F catheter into the left anterior descending 
artery to induce thrombosis, Right panel, Angiogram after throm•
bus formation showing occlusion of the artery (arrow), 
eter. The current was gradually increased, as registered by 
a microammeter. to 300 }LA, After 60 minutes, repeat an•
giography was performed. If there was nO evidence of 
thrombosis the current was increased by 100 }LA and an•
giography was repeated every 30 minutes until the left an•
terior descending coronary artery showed either total oc•
clusion or severe reduction of the internal luminal diameter 
(Fig. I), The guide wire was finally withdrawn while the 
tip of the Sones catheter was left in the proximal left anterior 
descending coronary artery. 
The electrocardiogram was continuously monitored dur•
ing the procedure, A 40 mg intravenous bolus of 2% lid•
ocaine was administered at intervals of 20 to 30 minutes 
throughout the experiment. 
Control dogs. Two dogs were killed 15 minutes after 
thrombus formation was documented at angiography to as-
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sess characteristics of the thrombus at the postmortem 
examination, 
Dogs treated with lasing. Ten dogs undetwent laser 
irradiation of the left anterior descending artery within 15 
minutes of the angiographic documentation of thrombus 
formation, Lasing was performed one or more times in each 
dog using powers ranging between 0.5 and 1.5 W, Angi•
ography was performed after each exposure. The end point 
was either a significant increase in internal luminal diameter 
at the site of thrombus or arterial perforation, After each 
experiment the power transmitted by the fiber was checked 
and compared with that before the experiment. Dogs were 
killed immediately after lasing and the heart was excised 
for postmortem examination, 
Lasing during optical fiber-catheter advancement. In 
six dogs a 140 }Lm core silica optical fiber was used, In 
three of the six dogs the fiber had a metal marker at its distal 
end to facilitate visualization under fluoroscopy. The fiber 
tip with or without the metal marker emerged 1 mm from 
a 3F catheter (Webster Laboratories), The catheter, together 
with the optical fiber, was passed through the lumen of the 
Sones catheter. Both the fiber and the smaller catheter were 
advanced into the left anterior descending coronary artery 
Table 1. Results of Attempted Laser Coronary Recanalization in 10 Dogs 
Pre-Lasing Coronary 
Angiography (o/c stenosis) Final Lasing* Post-Lasing Coronary 
Lasing Before Fiber After Fiber No. of Power Duration Energy 
Angiography 
Dog Technique Positioning Positioning Lasings (W) (seconds) (1) Recanalization Perforation 
I A 100 100 2 7 7 Yes No 
2 A 90 90 3 1.5 4 6 No Yes 
3 A 90 90 3 1.5 5 7.5 No Yes 
4t A 90 90 3 lSi: 7 10.5 No No 
5t A 100 100 2 I 6 6 No Yes 
6t A 70 70 2 I 10 10 No Yes 
7 W 100 100 2 1.5 20 30 No Yes 
8 W 90 90 2 0.5 6 3 No No 
9 W 100 100 5 0.5 10 5 No No 
10 W 90 30 
*The lasing procedure after which recanalization or perforation was seen (no such events were seen after previous lasings); toptical fibers with a 
metal marker at the tip were used; tpower transmitted by the fiber at the end of the experiment was much lower than before the experiment. A = lasing 
during fiber-catheter advancement; W = lasing during fiber-catheter withdrawal; - = not done. 
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until the resistance due to the thrombus prevented any further 
progression. Angiography was performed to assess perfo•
ration or mechanical recanalization. Lasing was then per•
formed while both the fiber and the 3F catheter were ad•
vanced by applying gentle pressure. 
Lasing during opti~al fiber and catheter with•
drawal. In four dogs a 0.014 inch (0.036 cm) Teflon-coated 
steerable guide wire was advanced through the lumen of the 
Sones catheter into the left anterior descending coropary 
artery and steered beyond the thrombus to reach the distal 
segment of the vessel. The 3F catheter was then passed over 
the guide wire and its tip was positioned distal to the throm•
bus. The guide wire was withdrawn. A 200 }.Lm core silica 
optical fiber, previously marked so as to emerge 2 mm from 
the 3F catheter, was then advanced into the artery, Both the 
3F catheter and the fiber were withdrawn without performing 
any laser irradiation or angiography. If no mechanical per•
foration or recanalization was seen, both the 3F catheter 
and the fiber were again advanced distal to the thrombus 
using the sequence just outlined. Lasing was then done 
during withdrawal of both the catheter and the fiber. 
Results 
Control dogs. In the two control dogs a coronary throm•
bus was apparent at angiography within 60 to 120 minutes 
of the start of electrical stimulation. Repeat angiography 
showed total obstruction of the left anterior descending coro•
nary artery in one dog and 70% stenosis in the other. 
Lasing during fiber advancement (Table 1). Coronary 
thrombus was apparent at angiography within 60 to 180 
minutes of the beginning of the electrical stimulation. An 
optical fiber without a metal marker was used in Dogs 1, 2 
and 3 whereas a fiber with a metal marker was used in Dogs 
4,5 and 6. In all six dogs no coronary perforation was seen 
at angiography immediately before lasing. In Dog 1 the 
optical fiber crossed the thrombus during lasing. Repeat 
angiography showed recanalization of the left anterior de•
scending coronary artery, but an intraluminal filling defect 
was still evident (Fig. 2). In Dog 4 neither recanalization 
nor perforation was seen at angiography after lasing because 
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Figure i. Dog 1. Successful laser recanalization of the left anterior 
descending artery. Left panel, Control angiogram. Middle panel, 
Angiogram after thrombus formation. An irregular filling defect 
of the proximal left anterior descending artery with distal occlusion 
(arrow) is seen; the diagonal branches are not opacified. Right 
panel, Angiogram after lasing (7 J). The left anterior descending 
artery is recanalized although the proximal filling defect is still 
present; the diagonal branches are now seen. 
of a damaged fiber. In the remaining four dogs the optical 
fiber could not be passed through the thrombus during lasing; 
angiography after lasing showed coronary perforation. 
Lasing during fiber-catheter withdrawal (Table 1). 
Coronary thrombus was apparent at angiography within 60 
to 120 minutes after the onset of electrical stimulation. 
Angiographic observation after fiber and catheter with•
drawal without lasing. Repeat angiography showed me•
chanical recanalization of the left anterior descending coro•
nary artery only in Dog 10. In this dog lasing was not 
attempted. The remaining three dogs had no angiographic 
evidence of mechanical recanalization or perforation and 
underwent lasing. 
Figure 3. Thombi from the left anterior descending coronary ar•
tery of the two control dogs. Only the proximal portion (arrows) 
was adherent to the arterial wall. 
",.t. II .• • 7 
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Angiographic observation after fiber and catheter with•
drawal during lasing. In Dogs 7 and 8 angiography after 
lasing showed coronary perforation. In Dog 9 angiography 
after the first attempt at lasing showed only a minimal in•
crease of internal luminal diameter at the site of the stenosis. 
No further decrease of the stenosis was obtained with three 
more attempts. After one further attempt, angiography showed 
coronary perforation. 
Postmortem examination. In the two control dogs no 
coronary perforation was seen. When the left anterior de•
scending artery was opened longitudinally, in one dog the 
thrombus was I cm long and in the other dog the thrombus 
was 4 cm long and extended into side branches of the left 
anterior descending artery (Fig. 3). The proximal part of 
the thrombus was adherent to a limited portion of the arterial 
circumference that showed minimal intimal damage. The 
remaining part of the thrombus was nonadherent to the ar•
terial wall. 
In Dogs I and 4 no perforation or hemopericardium was 
seen. In the remaining eight dogs treated with laser irra•
diation, postmortem examination showed coronary perfo•
ration (with carbonized edges of the perforation sites), peri•
vascular blood extravasation and hemopericardium (5 to 10 
cc of blood). Thrombi of various lengths (from 0.5 to 4 
cm) were found in all the lased arteries. Although some 
carbonized areas were seen on their surface, the size was 
similar to that of the thrombi from arteries that did not 
undergo lasing. 
Discussion 
An important potential application of the laser in car•
diology is recanalization of atherosclerotic coronary arteries 
by coronary catheterization techniques. An experimental 
model of coronary atherosclerosis simulating human disease 
is not available. To gain experience with the technique of 
laser recanalization of coronary arteries in the beating heart, 
we used a model of acute coronary thrombosis. The results 
demonstrate that argon lasing with the energy levels and the 
delivery system used in the study is not adequate to reca•
nalize acutely thrombosed coronary arteries. 
As noted in a previous report (8), mechanical perforation 
of normal dog coronary arteries is not uncommon during 
advancement into the coronary artery of a 200 fLm core 
unshielded optical fiber. In contrast, in our study a 140 fLm 
core optical fiber was advanced into the coronary arteries; 
when the stiffer 200 fLm core optical fiber was used, its tip 
was "hidden" within a shielding catheter and exposed only 
during withdrawal. These techniques never resulted in me•
chanical perforation secondary to fiber manipulation. 
Coronary artery perforation. In the coronary arteries, 
the high incidence of arterial perforation caused by laser 
irradiation was most likely due to misalignment of the beam 
despite satisfactory fiber positioning under single plane fluo•
roscopy. Perforation during lasing occurred using fibers with 
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and without a metal marker at the tip; thus, the metal marker 
was not responsible for the perforations seen. 
Lasing during advancement of the optical fiber caused 
arterial perforation, probably because of the combination of 
tortuous arteries, continuous cardiac motion and a stiff op•
tical fiber. Under these circumstances the tip of the fiber 
invariably comes in contact with the arterial wall; this results 
in stretching and distortion of the arterial wall, which are 
exaggerated by the pressure applied during fiber advance•
ment. Assuming that withdrawal of the fiber provokes less 
distortion, lasing was attempted during fiber withdrawal. 
However, perforation also occurred with this approach. To 
explain these results one could speculate that because the 
thrombus was not adherent to the entire circumference of 
the coronary artery, the optical fiber may have been passed 
between the thrombus and the arterial wall, rather than through 
the thrombus. Because of this eccentric position, the arterial 
wall was likely to be thermocoagulated by the laser radiation 
before any significant degree of thrombus vaporization 
occurred. 
It is possible that the incidence of coronary artery per•
foration could be decreased by more operator experience. 
However, arterial perforation was also very frequent in a 
previous study (8) we performed in normal canine coronary 
arteries. 
Thrombi seen in this model are frequently long and 
branched and probably more difficult to vaporize than are 
discrete atherosclerotic plaques. Because of these limita•
tions, any extrapolation to human disease can only be done 
with reservation. 
Conclusions. The data reported here indicate that I) 
thrombosed coronary arteries in dogs can be successfully 
recanalized; however, the incidence of perforation is very 
high. 2) The risk of coronary artery perforation secondary 
to fiber manipulation can be decreased by using small core 
optical fibers and by shielding them inside catheters before 
laser irradiation. The animal model of coronary artery 
thrombosis used in this study, despite its limitations, is easy 
to produce and should be used to develop and investigate 
new techniques of laser recanalization. 
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